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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translat d by comput r. So the translation may not r fl ct the original pr cis ly. 

2. **** shows the word which can not b translated. 
3.1n the drawings, any words are not translat d. 



CLAIMS _ 

[Claim(s)] ~~ 

[Claim 1] an organic-metal vapor growth — general formula InalphaGal-alphaN (however, the range of alpha is 0< alpha<0.5 
— ) The condition in the field which having set the X-axis as growth temperature (degree C). and was surrounded by setting 
a Y-axis as a growth rate (a part for angstrom/) with each coordinate of a (650 1), b (650 5), c (900 60), and d (900 1) of an 
attached drawing 1 The growth method of the indium-nitride gallium semiconductor characterized by making it grow up on a 
gallium nitride. 

[Claim 2] The aforementioned gallium nitride is the growth method of the indium-nitride gallium semiconductor according to 
claim 1 characterized by being gallium-nitride aluminum which replaced a part of the gallium with aluminum. 



[Translation done.] 



../tran_web_cgi_ jje?u=http%3A%2F%2Fwww6.ipdljpo.go.jp%2FTokujltu%2Ftjitemcnt.ipdl%3FN0000%3D21%26N0400%3Dtexl03/03/03 



1/ 3 ^—i^ 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by compLiter. So the translation may not reflect the original precis ly. 
2.SMC** shows the word which can not be translated. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the growth method of the indium-nitride gallium semiconductor used for 

blue light emitting diode, blue laser diode, etc. 

[0002] 

[Description of the Prior Art] Gallium-nitride system compound semiconductors, such as a gallium nitride (GaN). an indium- 
nitride gallium (InGaN). and gallium-nitride aluminum (GaAIN), attract attention as a practical semiconductor material used 
for blu diode, blue laser diode, etc., and, as for InGaN, for a certain reason, promising ** of the band gap is carried out 
very much to 2eV - 3.4eV also in it. 

[0003] Conventionally, it is called the MOCVD (Metal Organic Chemical Vapor Deposition) method below organic-metai 
vapor-growth {. When growing up InGaN by], it was growing up on silicon on sapphire at low temperature with a growth 
temperature of 500 degrees C - 600 degrees C. That in which the decomposition pressure of InN in InGaN will turn into 
about 10 or more atmospheric pressure, InGaN will almost decompose into, and the melting point of about 500 degrees C 
and GaN will be formed for it if it grows up InGaN at the elevated temperature of 600 degrees C or more, since the melting 
point of InN is about 1000 degrees C is because it becomes only the sediment of the metal of Ga, and the metal of In. 
Therefore, when it was going to grow up InGaN conventionally, growth temperature had to be held at low temperature. 
[0004] Even if the crystallinity of InGaN which grew under such conditions was very bad, for example, it performed 
photoluminescence measurement at the room temperature, most luminescence between bands is not seen, but 
luminescence from a deep level is [ only being observed slightly and ], and blue luminescence was not observed. And even if 
it was going to detect the peak of InGaN by the X diffraction, a peak was hardly detected, but the crystallinity of the actual 
condition was close to the amorphous-like crystal rather than the single crystal. 
[0005] 

[ProbI m(s) to be Solved by the Invention] In order to realize blue luminescence devices, such as blue light emitting diode 

and blue laser diode, it is quality and realization of InGaN which has the outstanding crystallinity is desired strongly. 

How V r, the actual condition is that report of having succeeded in growth of InGaN is not yet carried out, and the growth 

m thod is not learned well, either. Therefore, the place which this invention is made to solve this problem and is made into 

the purpose offers the method by which the crystal is certainly obtained with sufficient repeatability while it is quality and 

offering the growth method of InGaN excellent in crystallinity. 

[0006] 

[Means for Solving the Problem] as a result of repeating much experiments in growing up InGaN by the MOCVD method, we 
newly find out that the crystallinity is markedly alike and improves on GaN by making it grow up by the growth temperature 
and the growth rate of a certain specification within the limits, and came to accomplish this invention 

[0007] The growth method of this invention by the MOCVD method Namely, general formula InalphaGal-alphaN (However, 
the range of alpha is 0< alpha<0.5.) Are the method of growing up the indium-nitride gallium semiconductor with which it is 
expressed, and a Y-axis is set as a growth rate (a part for angstrom/) by being set the X-axis as growth temperature 
(degree C). It is characterized by making it grow up on a gallium nitride the condition in the field surrounded with each 
coordinate of a (650 1), b (650 5). c (900 60), and d (900 1) of an attached drawihg 1. 

[0008] In the growth method of this invention, as material gas used for the MOCVD method In the source of a gallium, for 
example, trimethylgallium (TMG). triethylgallium (TEG), As a source of an indium, organometallic compound gas, such as 
trimethylindium (TMI) and triethyiindium (TEI), Gas, such as ammonia (NHS) and a hydrazine (N2H4), can be preferably used 
for a nitrogen source, and InGaN can be grown up by iniecting these gas toward the substrate mixed and heated with carrier 
gas. The growth rate of InGaN can be acjjusted by controlling the quantity of gas flow of the source of Ga. 
[0009] It is necessary to adjust growth temperature to the range of 650 degrees C - 900 degrees C. Although it is possible 
to grow up InGaN also at low temperature from 650 degrees C, since the crystal of GaN cannot grow easily that it is 600 
degrees C or less as described above, though the crystal of InGaN can make it hard to be able to carry out, it is set to bad 
crystalline InGaN like before. Moreover, it is in the inclination it to become difficult to obtain InGaN which was excellent in 
crystallinity with sufficient repeatability, at 600 degrees C - 650 degrees C. Since it becomes it easy to decompose InN to 
be temperature higher than 900 degrees C, it is in the inclination for InGaN to tend to turn into GaN. Growth temperature 
has the most desirable range of 700 degrees C - 850 d gr s C. 

[0010] Although there are Si, SiC, etc. in a substrate, sapphire is us d in many cases. Moreover, by forming on a substrate 
the buffer layer which consists of GaXAI1-XN (0<=X<=1) at low temp rature, the crystallinity of GaN which grows on it can 
be rats d and the GaN buffer layer can raise preferably the crystallinity of the GaN layer which grows on it rather than AIN. 

[0011] As for the mole ratio of the indium of the gas of the source of an indium in the material gas supplied during growth, 
it is desirable to adjust to 1.0 or more still more pref rably 0.1 or more preferably to a gallium 1. When there are few mole 
ratios of an indium than 0.1. it is in the inclination to be hard to obtain the mixed crystal of InGaN, and for crystallinity to 
become bad. Because, at the growth temperature of 650 degrees C or more, decomposition of InN occurs somewhat and 
InN stops being able to ent r easily during a GaN crystal. Therefore, by supplying many indiums rather than a part for the 
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decomposition pr f rably, many InN(s) can be put in by under the crystal of GaN. 

[0012] Thus, above 650 degrees C, it is very easy to decompose InN. and since GaN has the property which is hard to 
decompose, th growth rate of InGaN is governed by the growth rate of GaN. That is, a growth rate can be freely adjusted 
by adjusting the quantity of gas flow of the sourc of a gallium as mentioned abov . 

[0013] Moreover, alpha value made into the purpose of InalphaGal-alphaN can be suitably chang d by changing the mole 
ratio to a gallium and growth temperature of indium gas. For example, what is necessary is to make it grow up at the low 
temperatur around how to mak [ many ] In, then 650 degrees C, or just to make it grow up at the el vat d temperature 
around 900 d gr s C that what is n c ssary is just to make [ many ] the mole ratio of In f mat rial gas, if it is going to 
make [ many ] Ga on the oth r hand. Th mole ratio of indium gas can obtain InalphaGal-alphaN which makes alpha value 
less than 0.5, when it is more d sirable to mak [ many / that it grows up at an el vat d t mp rature / so ] it, for example, 
a gallium sujDpiies an indium about 10 to 50 times at the growth temperature around 900 degrees C. 

[0014] Furthermore, when InalphaGal-alphaN which alpha value from which InalphaGal-alphaN excellent in crystallinity is 
obtained has in the range of 0< X<0.5, and makes alpha value 0.5 or more was made into the light emitting device of 
lumin sconce devices, such as light emitting diode, the luminescence wavelength was in the yellow field, and since it was 
not what can be used as blue, alpha value made less than 0.5 the reason for limitation. 

[0015] It can suppress InN in InGaN decomposing and going away out of a crystal lattice by using nitrogen preferably as 
carri r gas of these material gas further again. 
[001 6] 

[Function] Although the InGaN layer was grown up on silicon on sapphire in the former, for a certain reason, about 1 5% or 
more of lattice constant irregular ** is considered that the crystallinity of the obtained crystal becomes bad by sapphire 
and InGaN. On the other hand, in this invention, since the lattice constant non-** can be made small with 5% or less by 
making It grow up on a GaN layer, InGaN excellent in crystallinity can be formed. In the growth method of this invention, a 
part of Ga of this GaN layer may be replaced with aluminum, and p type impurities, such as n type impurities, such as Si 
and g rmanium, and Zn, Mg, Gd, may be doped, and it is technical within the limits. 

[0017] Drawing 1 is drawing which plotted only that from which the luminescence peak between the bands of InGaN as 
shown in drawing 2 -a was acquired as a result of irradiating helium-Gd laser at a room temperature at the InGaN layer 
which the InGaN layer was grown up and was further grown up by much growth temperature and the growth rate on the 
GaN lay r and performing the photoluminescence measurement by the MOCVD method, after carrying out the laminating of 
a GaN buffer layer and the GaN layer to order on silicon on sapphire. Moreover, the range of the growth temperature of the 
claim 1 of this application and a growth rate is also shown simultaneously. In addition, drawing 2 - It can be considered that 
that from which sharp luminescence between bands of InGaN is obtained as shown in (A) is excellent in the crystallinity of 
th InGaN. 

[0018] Drawing 2 is drawing comparing and showing the spectrum of photoluminescence measurement with that (A) into 
which InO.15GaO.86N was grown up by part for 20A/of growth rates, and the thing (B) grown up by part for 60A/of growth 
rates in the growth temperature of 805 degrees 0 on a GaN layer. In this drawing, the luminescence intensity of a vertical 
axis is an arbitrary unit, and the luminescence intensity of the spectrum of (B) is expanded by 6 times, and shows the 
actual measurement. That is, one sixth of the luminescence intensity of (B) becomes the same as that of the scale of the 
vertical axis of (A). 

[0019] To luminescence between bands of In0.15Ga0.86N strong near 406nm in (A) being seen as shown in this drawing, in 
(B), intensity is weak and, moreover, luminescence from a deep level is strong. That is, when it is shown that the direction 
of (A) is overwhelmingly excellent in crystallinity as compared with (B) and the peak near 406nm is seen, as compared with 
(B), luminescence intensity of (A) is about 35 times large. 

[0020] Thus, the outstanding crystallinity is realizable by growing up InGaN on GaN on condition that within the limits which 
conn cts a part for range of 650 degrees 0 shown in drawing 1 , i.e., growth temperature of a points, 1 A part [ for /] and 
growth temperature of 650 degrees 0 of b points, 5A part [ for /] and growth temperature of 900 degrees C of c points, 
and 60A part [ for /], growth temperature [ of d points ] and 1 A/of growth rates. [ of growth rates ] [ of growth rates ] 
Furthermore, the range surrounded at the growth temperature of 700-850 degrees 0 with many plots as a desirable range 
can be recommended. 
[0021] 

[Example] Hereafter, the growth method of this invention is explained in full detail in the example based on a drawing. 
Drawing 3 is the outline cross section showing the composition of the principal part of the MOCVD system used for the 
growth method of this invention, and shows the structure of the reaction section, and the gas schematic diagram which 
leads to the reaction section. The reaction container by which 1 was connected with a vacuum pump and the exhaust, the 
susc ptor in which 2 lays a substrate, 4 rotates [ the heater at which 3 heats a susceptor, and ] a susceptor, and the 
control axis which carries out vertical movement, the quartz nozzle to which 5 supplies material gas aslant or horizontally 
toward a substrate, and 6 by supplying inert gas perpendicularly toward a substrate A conical quartz tube with the 
op ration which material gas is pressed to a substrate side and contacts material gas to a substrate, and 7 are substrates. 
Th organometallic compound sources, such as TMG and TMI, are evaporated by the bubbling gas of a minute amount, and 
ar supplied in a reaction container by the carrier gas which is main gas. In addition, although not illustrated especially, the 
flow rate of each material gas and carrier gas is controlled by the mass^ow controller (MFC) installed in each gas tine. 
[0022] [Example 1] Th silicon on sapphire 7 oft n washed first is s t to a susceptor 2. and the inside of a reaction 
contain r is enough replaced from hydrog n. 

[0023] Next, passing hydrog n from the quartz nozzle 5, at a heater 3, temperature is rais d to 1050 d grees C, and is held 
for 20 minutes, and silicon on sapphire 7 is clean d. 

[0024] Then, temperature is lowered to 510 d gr es C, a part for ammonia (NH3) 4 l./and TMG are held for 1 minute from 
the quartz nozzle 5 as 27xten - six-mol a part for /and carrier gas, passing hydrogen by part for 21./, and about 200A grows 
a GaN buffer layer. In the meantime, from the conical quartz tube 7, pouring 101. a part for /and nitrogen for hydrogen is 
continued by part for 101./. and a susceptor 2 is rotat d slowly. 

[0025] Only TMG is stopped after buffer-layer growth and temperature is raised to 1020 degr es C. If temperature 
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becomes 1020 degr es C, similarly will pass TMG by part for 60xt n - six-mol/by making hydrog n into carrier gas, It will 
be made to grow up for 30 minutes, and about 2 microm t rs of GaN layers will b grown up. 

[0026] Make temp rature into 805 degrees 0 after GaN layer growth, and carrier gas Is changed to nitrogen, nitrogen — 21. 
a part for /and TMG, passing 2x10 -six-mol a part for /and TMI by part for 20x10 -six-mol/, and passing a siiane (SiH4) for 
ammonia by part for 1x10 -nin -mol/as a part for 41./, and n typ impurity gas Th Si dope InGaN is grown up for 60 
minutes by part for growth-rate 20 ONGU storm/. In addition, th gas suppli d from the conical quartz tube 7 is also us d 
only as nitrog n, and passing it by part for 201. /In the meantim is continued. 

[0027] The wafer was picked out from the reaction container after growth, and when lOmW helium-Cd laser was irradiat d 
and photolumlnescence measurement was perform d in th InGaN layer at th room temp rature, lumin scence betw en 
bands with InO.15GaO.85N strong [ 406nm of peak wavelengths ] was shown. 

[0028] Only TMG is stopped after buffer-layer growth of the [example 2] example 1, and temperature is raised to 1020 
degrees 0. If temperature becomes 1020 degrees G, similarly, by making hydrogen into carrier gas, will pass TMG by part 
for 54xt n - six-mol/, will pass TMA by part for 6x10 -six-mol/, and make it grow up for 30 minutes, and 2-micromet r 
Ga0.9aiumlnum0.1N layer is grown up. and also the Si dope InGaN is grown up on Ga0.9alumlnum0.1 N layer like an example 
1. Wh n photolumlnescence measurement of the obtained InGaN layer was performed after growth, similarly luminescence 
b tween bands with InO.15GaO.85N strong [ 406nm of peak wavelengths ] was shown. 

[0029] In case the [example of comparison] GaN layer growth back InGaN is grown up. Increase the flow rate of TMG 3 
times and the Si dope InGaN is grown up for 20 minutes by part for growth temperature [ of 805 degrees G ], and 60A/of 
growth rates, and also InGaN is grown up like an example 1. When photolumlnescence measurement of this InGaN was 
performed, feeble luminescence between bands was shown near 430nm, and luminescence [ broadcloth deep level / near 
550nm ] was dominant In it. It turns out that the crystallinity of InGaN which grew from this Is very bad. 
[0030] When the X-ray rocking curve of InGaN which grew in order to confirm this was measured, there Is the about about 
one half-value width, and a peak position is located in the place of GaN, and that InGaN has become amorphous [-like ] 
made the crystal clear. 
[0031] 

[Effect of the Invention] Conventionally, the semiconductor material put in practical use in the light emitting diode which 
has lumin scence wavelength In a blue field has only SIC, and other materials have not yet reached a practical use region. 
Moreov n the blue laser diode which emits light at a room temperature is not yet reported. 

[0032] However, according to the growth method of this invention, InalphaGal-alphaN excellent in the crystallinity which 
sets a g neral formula alpha to 0< alpha<0.5 can be grown up certainly, and InGaN which makes alpha the aforementioned 
range has the luminescence wavelength in a blue field. Therefore, by using the method of this invention, the semiconductor 
d vice using the gallium-nitride system compound semiconductor is made to terrorism structure to double, the high blue 
light mitting diode of luminous efficiency and blue laser diode become realizable, and the utility value on the industry is 
very large. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible f r any 
damages caused by the use of this translation. 

1. This docum nt has b en translated by computer. So the translation may not reflect the original precis ly. 

2. **** shows the word which can not be translat d. 
3.1n the drawings, any words ar not translated. 



DESCRIPTION OF DRAWINGS 
[BrI f D scription of the Drawings] 

Ii?rawin£jJ[ Drawing showing the range of the growth temperature concerning the claim 1 of this invention, and a growth 
rate. 

[Drawing 2] Drawing comparing and showing the spectrum of photoluminescence measurement with InGaN by one example 
of this invention, and InGaN of this invention depended out of range. 

LQiayying,.?] The outline cross section showing the composition of the principal part of the MOCVD system used for on 

xample of this invention. 
[D scription of Notations] 

1 R action container 2 Susceptor 

3 H ater 4 Control axis 

5 ........ Quartz nozzle 6 Conical quartz tube 

7 Substrate 
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http:/ / www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgi_eije 



03/03/03 



1/2 ^— V 

* NOTICES * 

** * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This docum nt has b en transiat d by computer. So the translation may not r fleet the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not transiat d. 



DRAWINGS 

[Drawing 1] 
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"C— 6 5 OX:T-HS^ttJ: < ^H^et£t:i«ix/c I h G a N 

^^#5:i<t;^5Eii^?t^5MF^tcfc^o 9 0 0X;J:»9iSv^ 

?a*Xfo^ I nN755;j>^b^-t-< Tte^fciB^). InGa 

"C— 8 5 OT;c9f5H;65ft bv\ 
[0 0 10] Stgt-iiS i. s i cm-h^^i)^. -^yr 

GaXAll-XN (O^X^l) <9 :7 r S ^ff^ 
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[0011] ^M^\^Wi^'r^WM:^:^^(04>'i>^J^ 

$f*L<0. 1»±. $bJ::$f^U<li 1. OJ^itcip 
w ^^v^-^i^^o^/^lt^^^O. let 

K^'p-^^^^t^ I nGa NcD?1b^3;5>#'|;i< < . ^/c^gfste 

nN^G a NcT^^^^gf^^ tCl J: »9 ^ < AtL^ C <i: ^^^^C^ 
[0 0 12] r(D J: 9t-6 5 Ot:JeJl±T*tlI nN;^5#^ 

^/ci6. I n G a N(^J56:SjiStiG a N(7)^*3gSlC^ 
[0013] ^/c. InaGal-a NCO g ^ -f"^ a fi 

n^^< Let 5 ir-rntf 6 5 Qx:Wik<Dm^x-^^^^ 

oT:iiff^c^^g?a*T-f±. ^^v^'^i^^^y ^i^(7:)i 0 
-5 0{^S*#^*&-t-^r:<irtw afg^o. 5*«^ 

I n aGa 1- a N ^ ^ ^^^T^^ 

[0 0 14] ^ ?SfBttt-Mn:rc I n aG a 1-aN 

afa:tiO<X< O. St^lSm^lfet). ^fca 
fit^O. ^y^ALt-t^ I n a G a 

[0 0 15] r.n^<^i^i|sf;^;^co=3r^ y.r 

G a Nq^(D I nN7)55^'^l?UT?gB%^&^4^;6^e>ttiTV^< CO 
[0016] 

'^^X-\±^yr'^Tm^(D±.\:Ll nGaN^^ 
J5K:S$•^tTV^fc;5^ •y-y'r-YT ,t I n G a N<^:-efit&^ 

ti./cl nGaN^?F^^f ^ri:;0^-e#^o 
LTt> J: < . ^/cS i . Ge^COnM^^*. Zn, M 



[0 0 1 7] 01 (1. MOC VDffitc: J: <9 . •y-:7r-rr 
S^±l-Ga N/^^:y -^r® <lr G a NJi ir ^lit::®]! Lfc 

^-ei nGa Ng^^ft^-tt. J^fi$-fr/c I n G a 

^-:x'fe>-y?.iliJ^$r^Tofc)e*. 1112- a I 

nGa N(o/<^- vm(o^yt^^—^^^^hnf^h(otii,f^ 

2- (A) t^^-Tct I nGa N(:0 — K 
m^it-^^%htlX^^^h(7:>\±^ ^CO I n G a NCD?efett 

[0018] ia2Jl. Ga Nm<D±\Z, ^SMSS 0 5 
'CCl^^V^T. I nO. 15G a 0. SeN^^^BjSS 2 0^^>^' 
^ ho-A/^J-r-^SSit/ctc^ (A) ^eiS*6 

O::^-^^^;^ h o-ix/^Tj5g;5$-&/ct>co (B) ^(7)-7 

fet). (B) h/i-c^^^Tfe^ftfi^W^efStw 

l£;^b-C^LTV^^o o^t?. (B) 1 / 

6/5^ (A) (Dm%(Dy^>^—/Utm~t^J:^o 
[0 0 19] Z <DWC7jk-t X b \^ (A) "efi4 0 6 nm 

^^■i£t;:3Sv^ I nO. 15G a 0. seN<Dy<>' KTsl^^t/^^M. 

^COtC^L. (B) T^t-±5aS;65i§< , Vt^hm^^^miiL:^^ 
bCD^3fe^^3S< ?ioTV^^o IP"^. (A) (O:^:^^ (B) 

6 nm#3a(^t:--^^^^i: (A) l± (B) iCJtbT:^^ 
30 J:^3 5mh^^^A^'^±^\^\ 

[0020] Z(DXo\zmi t:i^-t~tBH. 19 a ^-^.O 
^SMftesot:. 1 hn—A/^^ 

— J^^/^j^t. c,'S<^^S?a*9 O or. ^«5ig60:^ 
>^:^^;;^ ha-A/55^i:, d ,^,t7:)^*?^iC 9 0 0°C. ^5 

I n G a N^G a N(7?±tc^S ^-^^ c <lr *9 . Mtb 

a -/ h^(??#v^^e?^s 7 0 0 — 85 ox:xm^ri^^ 
40 H^*i^-e#So 

[0 0 2 1 1 
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^-til^e^nf^-^^^^^n — =2^/ hn — ^ (MFC) I'CX. 

[0 0 2 3] :5"^y X>'i-5;&^b7K^^ffltb?i7!i^?? 

t:— ^— 3T-?U*$r 1 0 5 OT:^-e±#$it. 2 0 5>F«1 

[0 0 2 4] m^^X. ?^a^5 1 O'C^-CTtf. 
XyU5;ii=^^rv^::^r (NHa) 4 y T 
MG^2 7 X 1 O-^^yu/5^^. y r;tr;:^,ir LT7K 
^^2 y ^> h/u/^<Jr-ei?ftb^^;65t5, 155^P«^^^1^UTG 

a N/^^>:7r^^^*J^2 0 0;^->^^';^ ha— A^fti- 
y h/L-/5^i:, ^ 1 o y ^/ h v-i^/^}- <i: r-^)ft 

1 0 2 o^^T-±#^it^o 10 2 ox:{c/^ 

o/cb. [^C<7X^^=^-^y T;^f;^t L-CTMG^6 0 
X 1 0 -^^/U/^T-SS bT 3 0 5^Fb^^* G a 

[0 0 2 6] GaN^J^ScSm. ^fiS^ 8 0 5 ^ UT. 

=3r-^ y r:^;^^^^i;i-K9#^. ^^^2y^/h/u/ 

55-. TMG^ 2 X 1 0-^^/1-/55^. TMI ^2 0X10 

^W^^:^ tl.Xiyyl^ (S i HJ ^ 1 x i Q'^^jv 
/^7^Xm\^^J:i)^h. S i K-^T^ I nG a N^^gaS2 

co^^b. 2 0 y ^> h/i^/^j-r-gftb^it^o 

[0 0 2 7] ^Wik. 

b. I nG a NgiC 1 OmWOH e -C d if— ^Rg 
^1&.^A 0 6 nmtC I nO. 15G a 0. 85Nc05*V KPs^ 

[0 0 2 8] [^Sfe^d 2 ] mMm 1 ^75^^ :7 T^^g 

TMGtD;9^lL*5T. ?aa4r 1 0 2 OT;^-r'±#$it 
•5o 1 0 2 Ot:t:i?tof::b. b < 7k^^=^-v y 

r;tf:^<!: bTTMG^S 4 x 1 o-^^yw/:^^. TMA^ 
6 X 1 0-^^7l-/^-egftb-C 3 0^r«^^S$i^. GaO. 
9A I 0. 1NM^2 /zin^:i:$ir5ffi.flll5S^J 1 <t [^^llt- 



bX S i K—tT" I n G a NS:. G a 0. 9A 1 0. 1NS(7?± 

^S^. ^fbttfcl nGaNg(7)-7;i- h 
/U^ ^->ir>->^^|lJS^^T9 <t . |^b< e''->^iS:g:4 0 6 
nmtw I nO. I5GaO. SBNcDSSV^/^VKFe^^Tt^^b 

[0 0 2 9] G a NSjaJcS^ I n G a N 

^-^^t^m. TMG(7)^fcfiSr 3feirbT. S i K-n 
nGaN$r^*?^ft8 0 5t:. ^SS^ 6 0:^^^;^ N 
A/^T2 0 5^rB^^S^it5ftk.ltS:^«?*Jl (tlRl^tw 
10 bT. I n G a N^^S^it^o C O I n G a N<D :7;^ 
^/^^^->yir>^;^^Dfe^^Toyc^ 4 3 0 nm{t5£ 

Kr^l^Tfe^^b. 5 5 0 nm#i£cDg^V^2p 

tlfc I n G a NcD^fBttli^^^{:iSV^r <t ;5S:b?)^o/Co 
[0 0 3 0] r.c^:i i *5S;^i^i65/cAe)t:iJES5bfcI nG 
a NCOX^^n ^>=3r>'^;^-:/^ffl^bfc<t C^. ^CO^ 

ffii|iiflS^l*35<fcD. ^fct'-^^Bt^G a NcOfift;! 
"9 . ^fefi I n G a N/^^T^/l- T o TV ^ § 

20 [0 0 3 1 ] 

<. ^(DUPc\±^ft^m^\^\±^ox\^f^\^^o ^fc^?^ 

X\^ti\\ 

[0 0 3-2] \.-f)^\^fti)^^h. :^^m<o^^i5m\^^^ 

n a G a l-aN&^Ht^^S^it^:! <i:/!»5T#. a ^ftj 
IS^IS<^i-^ I nGa n\^^(Dm%^^t^^^^^m^^ 

imi] :^mm<Dm^^ i \zm^f&Mumtf&wMm 

im2] I nG a Ni:. 

40 S'J^^t:):^^^ h/i-^rltKbT^-rilo 
1 "RJt^^^ 2 

3-- 4 

5 ^^yX/U 6 



(5) 



#I8¥6 - 2 0 9 1 2 2 



[Bill 



IK 



100 



80 - 



A 
St 

K 60 H 



i 40 H 



20 - 



600 




JS ft 



[02] 



[133 1 



3IE 

B 
fit 




500 600 
IR ^ <nm) 




-tx3- 







* 

* 

4 


> ' • 
• • 

4 



-TMG 



CX3 1 XJ « 



TM I 



NH, > 



iX » 



s 





(iJSPTO) 



